Introduction
Breadfruit (Artocarpus altilis) is a traditional staple crop and an important component of Pacific Island agrosystems (Barrau 1958; Ragone 1997; Yen 1974 ). In the past it was a key element for islanders' food security thanks to the potential of the tree to produce high yields under low-input conditions. A range of food and non-food uses, processing and conservation methods, rituals for celebrating harvests, as well as legends associated with breadfruit attest to its cultural importance in the Pacific. While the ethnobotanical literature is particularly rich for Polynesia and Micronesia (e.g., Lepofsky 2003; Pollock 1992; Ragone 1991) , information on breadfruit in Vanuatu is dispersed over a number of articles, books and gray literature. To date, only one article by Walter (1989) gives a general overview of the crop, with observations collected on eight islands, but no recent and comprehensive review of the literature has been conducted. This article organizes published and unpublished material related to breadfruit in Vanuatu, with a focus on ethnobotanical data recorded from the first contacts with European voyagers and missionaries to the most recent survey conducted in 2009. Some lines for future research on breadfruit Research Communication role in breadfruit domestication by favoring the emergence of seedless triploid cultivars of A. altilis, which were preferentially propagated and dispersed in Eastern Polynesia (Ragone 2001) . In contrast, a very large proportion of cultivars in Vanuatu and other countries of Western Oceania are seeded and presumably diploid, and show greater genetic diversity compared to the cultivars of Eastern Polynesia .
Vanuatu, a Pacific Crossroads and Center of Diversity
The Republic of Vanuatu is an archipelago made up of 82 islands and islets straddling the 13 th and 22 nd parallels in the south-western Pacific Ocean ( Figure  1) , with evidence of settlement as early as 3000 cal yrs BP (Petchey et al. 2014) . Vanuatu may have acted as a crossroads among other archipelagoes (Solomons, Fiji, and New Caledonia) during the Lapita expansion period and through the succeeding millennia (Bedford and Spriggs 2008) . Polynesian contact is also attested with the settlement after the year AD 1000 of a few islands and islets by people originating from Western Polynesia (Shutler and Shutler 1966) . As a consequence of its history, Vanuatu stands out through its great and still vigorous cultural diversity. Vanuatu is also a center of diversity for a large number of plants, such as tubers and root crops, bananas, kava (Piper methysticum), and fruit and nut trees (Lebot 1999) . Great yam (Dioscorea alata) and taro (Colocasia esculenta) are the chief crops as, in addition to their status as main staple food, they are essential for holding customary ceremonies. Although less prestigious than root crops, fruit and nut trees are important components of subsistence agriculture, with a dozen cultivated species (Lebot et al. 2008) . The last national agriculture census showed that breadfruit comes after cutnut (Barringtonia edulis) and Tahitian chestnut (Inocarpus fagifer) with 218,957 trees planted across the country, which amounts to approximately six breadfruit trees per rural household (VNSO 2008:116) . However, that number varies considerably depending on the province. In Torba Province (Banks and Torres Groups), breadfruit ranks first among cultivated trees with an average of 17 trees per household, while in the southern Tafea Province, there are only 4.5 trees per household.
Going beyond the statistics and assessing the past and current importance and diversity of breadfruit on the islands of Vanuatu, more attention needs to be paid to ethnobotanical information, such as tree management practices, variety naming, food and nonfood uses, conservation techniques, cultural significance, as well as ritual magic intended to increase yields and protect the crop.
First Historical Records
The earliest description of breadfruit in Vanuatu was made in 1606 by Quirós on the island of Gaua in the Banks Group (Kelly 1966:201) and at Big Bay on the northern side of Espiritu Santo (Zaragoza 1876:338) . In May 1768, Bougainville crossed the archipelago and landed on Ambae where the people brought him breadfruit and let him cut down breadfruit trees (La Roncière 1921:242; Taillemite 2006:254) . In 1774, during the second voyage of James Cook, breadfruit was mentioned by the naturalist J. R. Forster in Port Sandwich, south east Malekula (Hoare 1982:568) , and on Tanna (Hoare 1982:620) . 
Research Communication
In 1839, the London Missionary Society established the first mission in the southern islands. Among the missionaries, Inglis (1890:114-116 ) made an accurate description of breadfruit production and uses on Aneityum, and Gunn (1914:181) , who was a medical missionary from 1883 onward, did the same on Futuna. Further north, Murray (1894:36) listed the names of 65 varieties in the village of Ranon on Ambrym and Codrington (1891:304) counted 60 varieties of breadfruit on Mota, a small island of the Banks Group.
Recent Surveys and Collections
Brief mentions of breadfruit in Vanuatu can be found in publications by linguists, geographers, anthropologists, and agricultural specialists during the twentieth century, but the most detailed studies were conducted by Parham (1966) and, above all, by Walter in the 1980s (Walter 1989) . Walter (1989) (Navarro et al. 2007) . By merging the data from both survey campaigns, Mies (2009) compiled a catalogue of 222 accessions observed in 31 villages. This unpublished catalogue presents passport data (location, cultivar name), morphological data, cooking methods, miscellaneous uses, and provides pictures of the main parts of the trees. When possible, suckers were taken from roots and, after transfer to VARTC, a hundred cultivars were established in a field genebank where they are being characterized following standard descriptors.
Breadfruit Tree Management Practices
In Vanuatu, the breadfruit tree is found in several landscape settings: backyards, along roads and paths, borders of gardens, coconut and cocoa plantations, but also in abandoned inland villages and gardens, as well as in forest areas on the larger islands. The seeded forms largely predominate in the country but both ways of propagation (from seeds and from root suckers) coexist (Walter 1989) . It is likely that a significant proportion of trees are deliberately planted after clonal propagation of forms selected by people according to various criteria (yield, seasonality, fruit size and shape, flesh color and taste, number of seeds, and use). In forest areas and plantations, trees are often born from seeds dispersed by animals, such as flying foxes of the genus Pteropus (Banack 1998) . These feral trees constitute a large reservoir of diversity that exhibits recombined characters of parental trees. If one of them shows outstanding or uncommon characters, it may be propagated by root suckers and planted in other places. Typically, it is given a cultivar name at that stage. This selection process was described to us by the chief Tari Vira of Malo during our 2004 survey (Navarro et al. 2007 ).
Breadfruit Cultivars
Vanuatu is one of the most diverse nations in terms of the number of indigenous languages per head of population. Tryon (1997) quoted a figure of 113 languages, some of them spoken by a handful of people. Because of the biology of breadfruit, which is heterozygous and sometimes propagated by seeds, and the number of languages spoken in Vanuatu, a very large number of cultivar names might be expected at island and country levels. Indeed, a database of 580 named entries has been compiled from various sources (Supplementary Table 1 ). Once synonyms and very similar names were discarded, 539 distinct names were left. The local taxonomy for the cultivars follows the model described by Ragone et al. (2004) with a binomial composed of a local head term for breadfruit modified by a descriptive term, or with a monomial in which a descriptive term is used and the term for breadfruit is understood.
Breadfruit as a Food
The simplest way to prepare breadfruit is to roast it whole on coals or directly in the fire. This process is used for ordinary home meals, but also when taking a break from gardening or fishing. The fruit can be boiled or baked in an earth oven, wrapped in Heliconia leaves, either cut into large chunks or grated to make a laplap [bis] 1 pudding.
Nalot [bis] is the most popular dish made with breadfruit throughout Vanuatu. In the past nalot was exclusively prepared by men and consumed during ceremonies and festivals. Now it is prepared on feast days, during a family event, or to honor a foreign visitor. The fresh fruit is roasted in the fire, then the Research Communication rind, the core, and the seeds are removed. The flesh is placed on a wooden plate and pounded with a pestle. Coconut milk is added and the mass thoroughly mixed. Then the pudding is laid on a wooden dish, gently hollowed with the skin of a coconut, and filled with hot coconut milk (Figure 2 ). In the north of Vanuatu fine wooden artifacts (platters, spoons, pounders, and long knives) were found to be associated with the preparation and eating of nalot (Huffman 1996a, b, c; Rivers 1914:81-82) .
Conservation techniques
Local conservation techniques were developed to deal with the seasonal nature of production and the risk of food shortages of staple crops, which result from cyclones, drought, or even earthquakes that can damage taro pond-field systems (Walter 1989) .
The conservation of breadfruit by fermentation in an earth pit developed widely in Micronesia and Polynesia where it is known under the names mar (Ponape, Yap), ma (Marquesas Islands), mahi (Society Islands), or masi (Samoa). Storage under quasianaerobic conditions induces a decrease in pH through the conversion of starchy components into lactic acid, which further inhibits degradation by microorganisms. The paste thus remains edible in the pits for many years. Regional variations in the methods of preparation have been extensively described for other Pacific countries (Atchley and Cox 1985; Cox 1980; Pollock 1992; Ragone 1991 Ragone , 2002 Yen 1974) . In Vanuatu, breadfruit fermentation seems to have once been widespread in the central and southern islands, the Polynesian outliers Futuna and Aniwa, as well as on Malo. On Aneityum, archaeological excavations by Shulter and Shulter (1966) attest to the existence of numerous earth pits dating to the preEuropean period. Pit fermentation techniques were described by Inglis (1890:115-116) for this island, where we saw a small pit (namaraï) during our survey in the village of Anelgowhat in 2004 (Navarro et al. 2007 ). The fermented paste is called namaraï-ma, inma being the generic term for breadfruit in Aneityumese. On Erromango, it is called namandaï (Barrau 1957 ). On Futuna, mara refers to both the fermented paste and the pit (Dougherty 1983:358) . On Epi, Walter (1989) reported the preparation of earth pits called mele, which, in the past, were distributed in several places inland where men used to spend time clearing forest and gardening. On Tongoa, the preparation of pits called navinang was reported by Weightmann (1989:114) . Preparation may sometimes include a phase of soaking in the sea as described in the area of Melsisi on Pentecost by Barrau (1957) and Walter (1989) . The fruit is cut into pieces, placed in holes in the coral reef and covered with leaves and stones. After alternate phases of salt water soaking and sun exposure, the fermented pulp is pounded, mixed with coconut milk and cooked inside small bamboo sticks. Less common and probably less valued in the past than in Polynesia and Micronesia, where fermented food prepared in large quantities played an important role in the prestige economy, the practice of fermenting breadfruit, with some exceptions, seems nevertheless to have almost completely disappeared from Vanuatu. The risk of food shortages has been reduced by the introduction of crops, such as cassava, sweet potato, and cocoyam (Xanthosoma sagittifolium), which are less seasonal than breadfruit and can be better preserved. Moreover, the introduction of a cash economy substantially increased the consumption of Research Communication imported rice, which is always available for purchase in rural stores or can be rapidly shipped in the event of a natural disaster.
In the Banks Group, dried breadfruit (or bredfrut bisket [bis] ) is obtained by drying the whole fruit in an oven (netetve) made for that purpose (Figure 3 ). Dried breadfruit is called nekey on Mota Lava and kor in Mota. The nekey can be kept for years. It is used as a non-perishable, easy-to-transport food-typically by fishermen at sea-but it can also be given as a gift or be part of exchanges during customary ceremonies. It is generally consumed after pieces are dipped into tea or infusions of orange leaves (S. Caillon, personal communication). This preparation of dried breadfruit seems to have been confined to the northern islands and more specifically to Mota Lava and Mota-the latter is called Ure kor in Mota language, which means "the place full of dried breadfruit" (Codrington 1891:7) .
Leaves
Breadfruit leaves are sometimes used for wrapping food before cooking it in an earth oven or on fire coals. Young leaves may be cooked over a fire inside bamboo sticks (Walter 1989) and/or added to laplap pudding like for other leafy vegetables (Navarro et al. 2007 ).
Breadfruit Tree Wood

Canoe Making
First mentioned by Bougainville in Tahiti, one of the most attested non-food uses of the breadfruit tree is Figure 3 Preparation of dried breadfruit nekey (Mota Lava). A Peeled fruit is placed on wooden sticks over hot stones. B The oven is surrounded by a framework of flexible wood lined with pandanus leaves. Other leaves will be placed on the top. C The dried fruit is tied with pandanus ribbons. Photos by Muriel Navarro, 2004. Research Communication for canoe making (e.g., Henry 1928:549; Ragone 1991) . In Vanuatu such use was reported by Inglis (1890:114) on Aneityum where the breadfruit tree is preferred to all others for that purpose. Similar reports exist for Malekula (Deacon 1934:206-207) , Futuna (Capell 1958:25) , Mota Lava (Vienne 1984:129) , and Tanna (Iati 2012:41) .
Slit Gongs
Music plays an essential role in ceremonies organized for transitional life events, such as initiation, gradetaking, and death. Customary dances are accompanied by several instruments, the most common one being a large wooden gong that is hollowed out from a tree trunk, slit lengthwise, and often embellished at the top with a stylized face. Their confection from breadfruit wood was reported by Deacon (1934:507) on Malekula, Guiart (1956a) on Ambrym, and Ammann (2012:137, 154) in the Banks Group.
Other Uses
Mixed with coconut fiber, breadfruit sap is used for canoe caulking (Deacon 1934:206) . Breadfruit sap is also used to glue feathers on masks (Navarro et al. 2007) or, mixed with sawdust or clay to form a sticky paste, to coat sculptures made from wood or fern trunks (Deacon 1934:398, 545; Guiart 1951) . Birds and small predators are still trapped using breadfruit latex (Walter 1989) . In the traditional pharmacopeia of Vanua Lava, breadfruit sap is used to treat menorrhagia (Bourdy and Walter 1992) . On Aneityum, it is applied to wounds (Bradacs 2008:75) . Breadfruit tree shoots mixed with Macaranga dioica (navenu) are used to treat headaches and migraines (Bradacs et al. 2011 ).
Ritual Magic
Like most traditional activities, gardening required magical practices to control climate, soil fertility, and to increase and protect crop production. This occurred through seasonal rites performed by garden magicians (Firth 1930) . In Vanuatu, although yam and taro are the crops most often implicated in these activities, such practices still occur on several islands through the use of sacred stones. On Futuna, Gunn (1914:221) reported that "the stones for causing bread -fruit to grow were almost exactly like the fruit." On Mota-Lava and on Malo, the stones were buried near the base of breadfruit trees or placed at the junction of branches (Codrington 1891:183; Vienne 1984:112; Walter et al. 1999:54) . On Malekula, the stones were kept in clay pots (Deacon 1934:612) and on Tanna in wooden canoes conserved inland, in sacred places that are reserved for magicians (Bonnemaison 1991; Guiart 1956b:37-40; Iati 2012:81-82) .
Myths and Legends
Myths, legends and other stories related to breadfruit are numerous in Polynesia (Meilleur et al. 2004:13-15; Ragone 1991 ), but few have been collected in Vanuatu. Two stories reported by Walter (1989) are summarized here. In Marpagho, southern Malekula, it is said that the first breadfruit was born from the breast of a woman who cut it off herself to feed her small sister, in all likelihood an analogy between latex and milk as a source of food. In central Pentecost, ten brothers tried to propagate a tree by planting different parts of it (flower, leaf, bark, etc.) but only one, a man named Birisilsil, succeeded by sowing seeds. From that time, people of Pentecost preferred to propagate breadfruit from seeds rather than from root suckers.
Conclusion and Prospects
By combining historical and ethnobotanical data from a variety of sources, our knowledge and understanding of the importance and status of breadfruit in the islands of Vanuatu are increasing. Breadfruit is present everywhere in the archipelago, but it appears particularly important on the smaller islands of the Banks and the Shepherd Groups, on Futuna and on Malo where land resources are limited, but also on Ambrym where crop cultivation is often affected by drought and occasional volcanic ash fall. It is not surprising then that different preservation techniques were developed on these islands. While recent statistics for Tafea province show a small average number of trees per household, two islands of that province, Tanna and Aneityum, can also be described as "islands of breadfruit," characterized by complex abundanceenhancing rituals and the use of pit preservation.
More in-depth studies on the cultural and social aspects are required to better understand how the planting material (seeds or cuttings) circulate among landscape features, among people, and among islands. There is a lack of detailed studies about many aspects of current management practices (selection criteria, proportion of trees obtained by each method of propagation), which appear to vary from island to island. Additional surveys should be carried out to expand country coverage. Morphological and ethnobotanical descriptions of cultivars should be supplemented with genetic characterizations. For example, one genotype may have multiple names in different languages, and distinct genotypes may share the same cultivar name. Recent advances in molecular marker techniques for breadfruit (Gardner et al. 2015; Witherup et al. 2013 ) provide valuable tools for characterizing the uniqueness of a genotype, tracing its origin and perhaps also indicating its propagation history. Bonnemaison (1974) has described the impact of copra industry development and that of other cash crops (cocoa and coffee) on the process of "disintensification" of Vanuatu agriculture. Changes in the traditional food economy have already resulted in a degree of crop diversity erosion (number of cultivated varieties) and in knowledge related to cultivation, uses, and processing methods. These are coupled with an increasing dependency on imported foods and dietary changes now contributing to a high prevalence of obesity and related health problems. Nevertheless, information gathered during the most recent surveys seems to show that local knowledge of breadfruit is still vigorous in many areas of Vanuatu. A significant number of named cultivars and their distinctive characteristics are still known, probably because many trees are planted in backyards, facilitating intergenerational knowledge transfer. In most rural areas, breadfruit is secondary to root crops and rice in the daily diet, but nalot is still valued and, while pit conservation has almost completely disappeared, nekey-making has withstood the imported foods and remains a source of pride in Mota Lava. In the agroclimatic conditions of Vanuatu, breadfruit trees once established require low energy and other inputs. As a starchy crop, it is the only tree crop that provides "real food" (Pollock 1992:22) as well as non-food products and services. Genetic diversity is maintained thanks to the use of both seeds and root cuttings. All these characteristics may make rural households more resilient to natural disasters and economic shocks, as occurs when prices drop for cash crops (Lebot and Siméoni 2015) . Breadfruit diversity, management practices, and uses deserve to be better documented and promoted in Vanuatu to allow for adaptation to environmental and economic change, as well as for food security and sustained human health. 
